524 555 6 H FEEEEBEFIR 2014 45 6 H
Volume 24 Number 6 The Chinese Journal of Nonferrous Metals June 2014

TEHES: 1004-0609(2014)06-1486-08

Mg(In) E A RBY U 454 5 i R4 RE

gk, £

(1 BTET R MRRE S TR, BT 3610245
2. AER B TR MORRE S TREEBE, T 510640)

B E: RS —BREE 7k T AR A 16 Mg(In) [ A 4 R XS AT 20 BT 4 4 (KA R IR i 0
HFEMARREAE, - Rietveld J7iEREHAINIE Mg(In) [V /R A 80 0L SEM MLEERE i IITHOU B S0 A HEAT 43
s W/MEPERER A Sievert JHEHH TN, IR ZEA M IE &S AR B . g5 R In B S Mg
iR A Mg [ A Bl ) s Mg(In) B 5 000 20 A e MigHL 4 i [RIE A5 ) Mg Iny,, [0 RT3 R 21 Mig(In)
[ o Mg(In) [ AR /5 ST AT A B PRI S A AR T B U S ks, AT RIS T e i L
IR T O/ IRE ) S RE . H2l Mg ML, Me(In) EVA R/ AT iR, /AR B .
FKHBEIR: Me(In)[EE i nrgiAAs; SHnGath: SOongii; fgstkhe

FESES: TGI39.7 MHRFREED: A

Microstructure and hydrogen storage properties of
Mg(In) solid solution

ZHONG Hai-chang', WANG Hui’

(1. School of Materials Science and Engineering, Xiamen University of Technology, Xiamen 361024, China;
2. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: Mg(In) solid solutions with different compositions were prepared by sintering and ball milling method. X-ray
diffraction was used to analyze the phases and phase transition of the alloys during the hydriding and dehydriding process.
Lattice constants of Mg(In) solid solution were accurately calculated by Rietveld method. Morphology and phase
distribution of the samples were observed by SEM. The hydrogen absorption and desorption performances of the alloys
were measured by Sievert method, and dehydriding temperatures were determined by DSC tests. The results show that
the lattice constants of Mg are reduced by dissolving of In, and that Mg(In) solid solutions were hydrogenated to MgH,
and intermetallic compounds Mg,In,, which reversibly return to Mg(In) solid solution after dehydrogenation. The
reversible hydriding and dehydriding phase transitions of Mg(In) solid solutions and interfacial alloying effectively
reduce the dehydriding enthalpy, thus lowering the dehydriding temperature and improving the hydriding and
dehydriding kinetics of the Mg(In) solid solutions. The plateau pressure of Mg(In) solid solutions is improved and the
hydriding and dehydriding lag is reduced compared with those of pure Mg.
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Fig. 1 XRD patterns of ball milled Mg-In alloys and Mg:
(a) Mg; (b) Mgoolno 1, 10 h; (¢) Mgoolng,, 50 h; (d) MgoesIng s,
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Fig. 2 Rietveld refinement results of Mgyoln,; milled for
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Table 1 Lattice constants of Mg(In) solid solutions with different In contents and Mg achieved by Rietveld refinement and

refinement factors

Mg(In) solid Lattice constant/nm

solution a c Ry/% Rup/% §
Mgolng, 0.31929(6) 0.52061(7) 9.14 13.0 1.9
Mg osI0.05 0.32027(2) 0.52086(3) 6.6 8.6 1.1
Mg 0511002 0.32077(1) 0.52106(2) 6.2 8.1 1.2
Pure Mg 0.32113(1) 0.52140(2) 8.1 11.9 1.2

R, is residual factor; R, is weighted residual factor; and S is goodness of fit.
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Fig. 4 Microstructure and phase distribution of Mgjolng alloy at different states and EDS analysis results: (a), (b) Before
hydriding and dehydriding; (c) As-hydrogenated; (d) As-dehydrogenated



1490 A G A R

201446 H

S AANIES), ZHON I UMOK &4, AT Rk
I 10 pumo HEEREERES (LIS 4(a)) 5 4ot W/ A
5 PIRE S LI 4(c)F(d)iEA 75 el LU I, 1 4(a)
TR RORL SE B b2 VR 2 /IR 2 i, BIVBREE I 7
O ARFES R T R . B 4(c) Tl Mgoolng, £ 4
WECRAS NSO R, K OEA MgH,, i
Sk bR 7R IR R 43 EOEE k7 MgH, A4 R SR )
se A B A T B A5 4 Mg, In, (R
XRD #E43H7 1 £ Mg,In F1 B7). 2@ ALEr 4 MgIn,
R ATANIEA], H AU S RIS, 1X 5 Mg(In)
[ s A (R Ak A3 it R T DG, 18] 4(d) T ¥ Migo oI
B e W SR I TS U R S AT AL, R —
ﬂ’*ﬁﬁ‘g, Iﬁ*ilﬁiT Mgy olng ﬁﬁﬂfﬁ%}ﬁﬁlﬁf@
[ 2] T A A

s ik XRD Il SEM 43 #1455, Mg(In)lf 44
R AR U NSV E VS|

High temperature
Mg(In)+H,
Low temperature

MgH, + 8 MgH, +Mg,In, (1
2.2 Mg(In)EBARIES 14 RE

5 iz i MgH, MR [ In 555 Mg(In) [ RS
b i it DSC #hgk. 2 MgH, FIEAL 5 1)

Mgy osIng.os & Mgoolng; [Bl¥FAAS4: LA 5 K/min [P 1#k
HCRIEAT I, R AR AR BV BE 43 0k 702,

18" to 4 _— Decomposition of MgH,
L 645 K
. 652 (d) Mggolng,
i 660 K
(c) Mgyolng
r 670K
(b) Mg o5Ing 5

702K

S =N w N

Heat flow/(bW-1g™)  Endo.

—_
S L oL © A~ 0 O N B
| —

i (a) MgH,

630 650 670 690 710 730
Temperature/K
5 4l MgH, Mg osIng os Fl Mg oIng  #473-if# lil () DSC
it £
Fig. 5 DSC curves of thermal dehydrogenation of pure MgH,,
MgjosIngps and Mgyolng;: (a), (b), (c) Heating at rate of
5 K/min; (d) Heating at rate of 2 K/min

670 1660 K. 54l MgH, AL, Mgoolng (A 4
FII SR PR T 42 Ko M 5 i DSC 43# 45
AT LA B, Mg (In) v A4 1 )5 St 52 B FE [ 3 2 1)
BN, XA R In B BEAG MgH, i S0
FERIE HBCR AR .

5(d)Frs AR B Mgoolne y [l AAS 5L 2
K/min (I1FAGE AT In# i &01) DSC gk . thgkrh
AP o TS IR AR, X B PR V(B 3 B 9 ol b
645 F1 652 Ko #RHE Mg(In)[l i A R S RE /) J5Ar X
SPAATH SR, 4G Mg-In —JoAHIE, W LLHERT 645
K PRI R S AR AR B3 A%k vanliAH B IR A S 1V
652 K IR AR D) i MgH, 15 il AH B 5N A i Mg (In)
[ AR S IR N, . BT HAGE R, PR
AN RA TS, KR S)F(e)fn i H 2
—ANTEALIM R . P& S(b)H MgoosIng os 15 42t 045
WL S 5(a)hall MgH, ke ah i SR A, ]
AEJE BT REAOBUREEOR, IORE A MgH, 52 In 1R 520
AN, PREE TR R BER G R o B AR T AN AR AT
IFHGE B AR SV A R T S i &M RE .

Fi4h, IE 5 ¥ DSC F3#r 45 ik v LUKECE
Mg osIngos & Mgoolng 41 MgH, 3 g R [ 4
UEE PRI TR AR /N T4 MgH, WA i T AR, ] & 4
rfr MgH, 73 il Jr s (1) S ARG . AN Mg-In — JCAH A
AL Mg(In) AR 5 B AHXAHAE, Fril g AHZ
i Mg [N A8 k) Mg(In) 44 . T MgH, 23 i 1F
UF 4y AR ) Mg(In) AP it Mg, PRIIL, v
B AHIERUE, MgH, 55 B AHZ IR A & Ak 5
Ik, AT INIE T MgH, 73, - wIdi 42 4 Mg(In)
[y AA, (RAE MgH, F i S0 B B

6 7 4 Mg olng ; [IE A G F14E Mg AN A3k
R AR I EAE I PCT 2k, tilEl 6 o7 LLE 24l
Mg 7F 596 K MATART, FF A #Im s 4
A TGS R & SRR IS 1 iE 8 T
BRI HCTF B . X ULASE MgH, FFUR 5 i 75 2 IR
FLi s A% Re 42, {2 MgH, 3 il — B0,
JIt S NPT DAL AR By EAT . AT IESCE A, Mg
TESEHT) MgH, R ITEAZ FME, 4R Mg /£ MgH,
MR ETEAZTERUG, HT MgH, 585 Mg 5 &1
ROAARRRARAY ™ A= 1R N A AR AR 1Y) MgH, did L,
B AT LUEHE MgH, 20 iR, Kk, 4l MgH, 1) PCI i
L — ARG . Ak, B ISR T
i, Mg R I 200 5 98/, RWTERE T MgH, A
IR N A G W, BB ) s R d . X T
A5 i P AR Y O R R S k. AR Tl
Mg, Mggolng A G G A0 B A fe b, BiAE 2R



524 %5 6

BRIREIC, A Mg(Tn) [ 040 (¥ BOU &5 44 5 il S P 1491

BEEUR N, 7 m T3P 6 Rt s & Us0h,
KILAE 6 Hh Mg olng, [ G HINE PCI Hh £k /e
PEXZ FAERRRE. TR T2 B EEA B
M, 55 p ARG A - MgH, fORasE PERFA, 1F
FUAE i TP B 8 R AR o0 M ik & 6
Mg olng [FIHAAS 421 PCT Ik % W B HOWE IS, %
W64 LA RAFINBN 2 RE . WaTiTid, B AHEE A
g Mg(In) AL FE MgH, 20 i 72421 Mg. Ak
25 RNV PR A RE K A A R BRI S
EmET. Bk, g A Mg &N Ak Mg(In) [ %44
TEBEAEHRET MgH, it LIk, &4 s iAH St
R p IR NSl S LN E e € S LB ER R (e I P
PERE R,

£ 100
3
2
g ‘k
5 107! -3 7 Mg gln, 4, 668K
g0 b —o— Mg olny,;, 658 K
=3 —=— Mgy,lny, 1, 648K
T —*—Mgyoln,;, 615K

02l —*— Mg, 596 K

g —+— Mg, 615K

o 1 2 3 4 5 6 7
Hydrogen capacity (mass fraction)/%

6 Mgolng | [EE IR G4 14l Mg £EANRITELE R 1K PCT

23

Fig. 6 PCI curves of Mgjqlng; solid solution alloy and pure

Mg at different temperatures

i Mg olng; IR G4:F4l Mg AEAHRIRJE 615
K ) PCI BEATRFEEA L, Mgoolng, [ <G/
AT & LAl Mg (5. SWE T & K51
POERGEVEAOS, HHAT AR E M R B T, S
IR E RS, 1B IBAK. Mgoolngy VRS
SR AT & i, B ah MgH, # 4
R B PERRAR . S I A 2 SO 1 Bl
SVIRARRAE . R THiIE Mgoolng, ARG 4 WL/
AT E VB2 Ak, R vant® Hoff J7#£(:\(2))
A B I S NS AR (AH) IR AZ (AS) o
ln(&) _Ad _AS

0. RT R
K po APRUHERSE; R AEERSARHEG T A
JVHARPE ;s peg P VT, 30 HL PCL I 6 skt

2)

IR I EAE S I i ST o ASHIF S A
Mg olng ; [ 1A G G LT G ORI F D EAE A
PR, R vant” Hoff J7 #2140 H LI S0 A AR
(AH)FAZ(AS) 53511 49 (65.2+0.8) kJ/mol F1(121.8+1.7)
J(K-mol). HFIFEMTIETHHLE Mgy Mgoosngo, il
Mg osIng os B4 453 1) M S B N RS AR FIAR AR 471 T3
2 e WER 2 T, RS h AR RIal Mg (AU Y
18 A% R AS 3 51 4 (77.940.3) kJ/mol  F11(138.9+0.6)
J/(K'mol), KT 3CHR[13]H4RIE1)(74.06+0.42) kJ/mol
F1(133.4+0.7) J/(K-mol), 525 1 BRJET- X4l 1K 1)
A T R FRIAERA U 5 o SCHR T Mg FRBIDRL R ST 2 7~8
nm /idy, HATEEFIIE) )5 PEne, IR 25 515 3
ST TASHE S ER B f5 Mg [0k ROk 22K
%, HAh I ErEREIR e o DRI Sk B4l I 7 I T
T, R AR AR R AR AR B M T 1A 21 B S Pl
WIS B Y P4 /N T LS PA E, aa
KNS . BEAh, Mg FIBRL TR, 528712
PEREMIRE W, S Mg M T e A l MgH,, i
Friial Mg i fil S g N T B R i A 5

F2 AR In F 5 Mg(In) [ ARIZE Mg B RS &
Yt
Table 2 Dehydriding enthalpy and entropy change of Mg(In)

solid solutions with different In contents and pure Mg

Enthalpy Entropy

Mf(()llll?tif)(l)llid change, AH/ change, AS/ cI;Iydrf)tgc/a;
(KJmol) (K 'molly ~CAPACY
Mg lng 65.2+0.8 121.8+1.7 421
Mgg05In 05 68.1+0.2 125.5+0.4 5.28
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Pure Mg"! 77.9+0.3 138.940.6 6.50
Pure Mgl 74.06+£0.42 133.420.7 -
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